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1. INTRODUCTION 

Most industrial power system loads are nonlinear, which cause distortions in AC voltage and current 
waveforms, and in magnetic fields [1]. The generated harmonics due to nonlinear load flows through the 
power system that needed to eliminate or reduce as minimum as possible [2]. Passive and active power filters 
are used to solve this effect [3], [4]. Capacitor banks can be used to correct poor input power factor. As a 
results, power system inductances and capacitances may produce resonance with each other at certain 
frequencies, which is called resonance frequency [5]. Also, power cables add shunt capacitance to the grid 
which may increase the happening resonance probability [6]. In addition, series compensation may produce 
oscillation in the generator shaft due to subsynchronous resonance [7]. As a result, a standard harmonics can 
be greater than before if resonance happens at or close to critical frequencies which increase the voltage 
distortion to levels above of the acceptable limits. This effect can be avoided depending on the application of 
power factor correction capacitors or power harmonic filters [8]. In many algorithm methods, the system has 
been considered in time-domain methods like PQ and synchronous-reference theory [9], or in frequency- 
domain like fast Fourier transform [10]-[12]. 

Harmonic problems and poor input power factor encourage reearschers to get solutions with 
developing of power electronics devices and applications. The harmonic distortion in AC side currents of the 
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thyristor or diode converters leads to use passive filter at one or more specific frequencies. Also active power 
filters are used to improve power quality of the AC/DC converters. The highly distorted waveforms due to 
resonance may perhaps produce mal-operation of the protection devices, electromagnetic communication 
interference, increase tempreture of transformers, vibration, and overloading of power factor correction 
capacitors [13]-[17]. Due to rise demand of electrical trains and increase power dememands, harmonics 
resonance pollution has become a main interest in both power system quality and renewable enegy sources. 

In 2015 [18], a 7“ tuned passive power filter coupled in series with active filter to minimize the 
distortion problem due to harmonic resonance effect in industrial nonlinear and linear loads. In the same year 
[19], to prevent occurring resonances in high speed railways in China, a harmonics resonance elimination 
pulse width modulation (PWM) technique was designed and built. The results were at acceptable levels. In 
2017 [20], parallel and series filters were used to reduce harmonics in a textile industry in Nigeria. The 
harmincs are mitigated to IEEE standards, while power factor was improved using capacitor banks. Also, a 
single-phase uncontrolled rectifier based on a boost converter with power decoupling was developed as a 
circuit to correct power factor. The system improved input power factor around 0.99 and reduced total 
harmonics distortion (THD) less than 12% [21]. In 2018 [22], a LLC circuit is tuned at specific resonant 
frequency to reduce the power switching losses of LLC resonant converter to improve the battery charging 
efficiency in the electric vehicle. The system is tested experimentally and the total efficiency is raised to 
93.7%. Recently in 2019 [23], the influence of harmonics on the grid when connected with PWM converters 
and LCL filters was investigated. For suppressing harmonic current components, a modified converter 
current feedback controller has been suggested. In 2020 [24], active filter was considered and used to 
minimize THD and improve power factor of the BLDC drive system. The THD is reduced by 95.2% and 
89.5% with sinusoidal and non-sinusoidal source voltage conditions. While power factor improved and 
became around unity. 

The previous works concentrated on eliminating harmonics resonance problem or minimizing 
harmonics and/or improving power factor to recover the power system quality. According to the previous 
works, the contribution of this study is to design and built an active static compensation circuit (ASCC) to 
recover the power system quality. The ASCC is designed to damp resonance, minimize THD, and increase 
input power factor at the same time depending on advance control technique suggested by [25] after a 
modification to suit the aim of the present paper. Therefore, the ASCC shown in Figure 1 is regarded as 
resonance harmonics eliminator and power factor corrector for wide load type conditions. 


2. RESONANCE EFFECTS 

Oscillations in power system due to resonance event may cause several problems. Harmonic 
resonance causes unstable power network system and collapse or damage may occur to power electrical 
equipments and plants. The resonance problems can be excited due to faults, interaction of reactor or 
capacitor banks existence, and the operation nature of non-linear loads such as power electronic applications 
[8]. For typical example, passive filters use to eliminate significant harmonics components, but the filter 
elements cause resonances with the supply inductances at other frequencies. As a result, to overcome 
resonance, passive power filter needs to be modified and retuned depending on the system impedances and 
therefore passive power filter becomes expensive. 

The electrical power system reactance depends on natural frequency. At resonance frequency, the 
inductance and capacitance elements of the power system bring to resonate with each other. The resonance 
frequency is identified by the integration of the inductors and capacitors . The resonant frequency equation is 
given as: 


1 


jo Se (1) 





Where C and L are the capacitance and inductance of the system. In this paper, ASCC is used to eliminate the 
harmonics resonance problem caused by the system impedances and correct poor power factor. 


3. ACTIVE STATIC COMPENSATION CIRCUIT 

Power quality improvement is one of the main research care. The ASCC is used to recover the 
power system quality of the suggested system. The ASCC shown in Figure 1 is a single-phase H-bridge 
inverter connected in parallel through coupling inductor at the AC side of the power system. The ASCC is 
designed and controlled depending on a modified PWM (MPWM) algorithm. This type of a new active 
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power filter designs to eliminate resonance problems caused in the AC power system, minimize THD, and 
accurate power factor as the same time depending on the MPWM algorithm [25]. 

In the MPWM algorithm, the reference compensated current (ie) is calculated as the difference 
between the load current signal (7z) and the desired reference AC current signal (ig-re). The ig-rer 1s produced 
as the product of the both unity sinusoidal waveform of the main voltages (sin(wt)) and the fundamental 
component of the load current (/z;) [25]. 


ld-ref =[1*sin (wt) (2) 
The (ie) signal equation for the ASCC is: 
i=l, — ld-ref (3) 


The (ic) is contrasted with the ASCC current (iascc) and the product signal is used as a reference 
signal for the PWM model, which is contrasted with a carrier signal to get PWM pulses of the insulated gate 
bipolar transistors of the ASCC as illustrated in Figure 2. 
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Figure 1. Circuit diagram of the nonlinear and linear loads with the suggested ASCC 
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Figure 2. Control circuit of the suggested ASCC 
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4. POWER COMPONENTS DEFINITIONS 
In the power system with nonsinusoidal voltage and current, voltage and current equations are 
presented as [26]: 


i, = V21, sin(wt — 61), iy = V2 X I, sin(h.wt — 0n) 


vı = V2V, sin(wt — p1), Vy = V2 U2 Vn sin(h. wt — pn) i 
Where On, O1, in, and i; represent the phase angles relating to the supply voltage vn and vı, the harmonics and 
fundamental components of supply current, respectively. The effective RMS of the nonsinusoidal current and 
voltage is defined as: 


Vr = y n + ia + 7 
Ip = J 1,2 + + Lae? 


Where Vac and Iac are dc voltage and current components. The total harmonic distortion are defined as: 


y2—y2 
THD = (6) 


Uy 


(5) 


The total apparent power (Sr), reactive power (Qr), active power (Pr), and distortion power for nonsinusoidal 
waveform are defined as: 


Pr = Vil cos( Wy) + Xrn=2 VnIn CoS( Wh) + Vaclac 
Qr = Vil sin( Y1) + Yin=2Valn sin( Yn) 
Sr =Vih + Valu 
(7) 


== CO 27 2 
Dr =, m#n=1 Vin In 


where Ph = Øn — On and n, m represent harmonics order for voltage and current respectively. The effective 
input power factor terms are defined and represented as: 


Total Real Power _ Pr 


Pfr = (8) 


Total Apparent Power a ST 


5. SIMULATION RESULTS 

The power circuit during harmonic resonance problem is modelled, validated and tested. A single- 
phase linear load (different RL loads) with ac/dc controlled converter circuit as a nonlinear load is chosen as 
shown in Figure |. Capacitor banks are added to correct power factor which produce harmonics resonance at 
certain load condition. The ASCC is simulated dynamically at different values of firing angles. The system is 
modelled as a 220V, 50Hz with source impedance (Rs=3mQ and Ls=5mH) using MATLAB/SIMULINK. 
The values of L. and Cac are selected equal to 5mH and 250uF, respectively. The supply AC voltage (vs) and 
current (is) and its FFT spectrum analyzer at thyristor firing angle (a=30°) without and with the ASCC are 
presented in Figure 3 and Figure 4, respectively. The waveforms of the supply AC voltage and current are in- 
phase once linking the ASCC. Also the harmonics resonance is completely removed and this is due to the 
nature behaviour of the suggested ASCC. The normalized FFT analysis shown in Figure 3 is plotted with 
respect to fundamental value and illustrated that the supply voltage and current before connecting ASCC 
have a significant amount of 9" harmonic order, which is unacceptable and affected badly on the power 
network system. After connecting the ASCC, the 9" harmonic order as explained in Figure 4 is reduced by 
99.87%. The value of effective input power factor is increased about 50.56 % (0.9999 Lagging) and the THD 
of the AC supply voltage and current decreased by 99.14 % and 98.78 % respectively. 

The curve relations of the effective input power factor and THD of the AC voltage and current with 
and without the suggested ASCC at a wide range of firing angles of the ac/dc converter circuit are illustrated 
in Figure 5 and Figure 6. These results confirm that the effective input power factor stay around unity and 
THD results are improved after connecting the ASCC. Also, the success of the ASCC is demonstrated by the 
AC distortion power waveform shown in Figure 7, which proves the THD results. As well as, the reactive 
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power supplied by the AC source, Figure 8, is almost disappeared which verify effectiveness of the suggested 
ASCC in correcting power factor. As a result, the amount of real power supplied through the AC power 
system is raised as illustrated in Figure 9. The steady state and dynamic operating conditions of the ASCC to 
remove harmonics resonance and improve power factor during fault condition at AC voltage side is 
explained in Figure 10. It can be seen that the ASCC restore itself by improving the power system quality. 

At firing angle around 90°, the single phase bridge controlled rectifier becomes out of work. Linear 
(RL) load with capacitor bank produce in-phase supply voltage and current with THD around zero and no 
resonance problem as illustrated in figures. This means that chosen linear and nonlinear loads together 
produce resonance with very bad power quality and the ASCC solve this issue. 
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Figure 3. Simulation results of the power circuit without ASCC at firing angle (a=30°); (a) AC supply 
voltage and current, (b) FFT analysis of supply voltage (Vs) and current (Is) 
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Figure 4. Simulation results of the power circuit with ASCC at firing angle (a=30°); (a) AC supply voltage 
and current, (b) FFT analysis of supply voltage (Vs) and current (Is) 
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Figure 5. Effective input power factor with and without the suggested ASCC 
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Figure 6. THD of the; (a) AC supply voltage, (b) current with and without the suggested ASCC 
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Figure 7. Distortion power with and without ASCC Figure 8. Reactive power with and without ASCC 
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Figure 9. Real power results with and without the suggested ASCC 
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Figure 10. Steady-state and dynamic results during fault effect without and with the ASCC 


6. CONCLUSIONS 

A new technique for damping harmonic resonances in power supply system has been proposed. The 
aim of this article is to exist a different active power filter circuit, which is ASCC. The ASCC is proper for 
linear and nonlinear loads. The system at the time of resonance phenomenon problem without and with the 
ASCC have been modeled. The MPWM algorithm is used to drive the ASCC to remove resonance and keep 
THD and input power factor at different values of firing angles as best as possible. Therefore, it is acted as a 
resonance eliminator, harmonics reducer and power factor corrector at the same time. The simulation results 
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verify the efficiency of the suggested ASCC in steady state and dynamic operating conditions at normal and 
abnormal conditions. The THD of the AC voltage and current has been minimized significantly at different firing 
angles. Also, the resonance problem completely has been removed. While the input power factor is enhanced to stay 
around unity. The benefits of the proposed method being more flexibility to the power quality improvement 
when comparing with other approaches in the literature. As future work, the proposed model will be 
expanded for three-phase system with different linear and nonlinear loads rather than single-phase system. 
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